To define the regions of the maize alcohol dehydrogenase 1 (Adhl) promoter that confer tissue-specific expression, a series of 5' promoter deletions and substitution mutations were linked to the Escherichia coIiP-glucuronidase A (uidA) reporter gene and introduced into rice plants. A region between -140 and -99 not only conferred anaerobically inducible expression in the roots of transgenic plants but was also required for expression in the root cap, embryo, and in endosperm under aerobic conditions. GC-rich (GC-1, GC-2, and GC-3) or GT-rich (GT-1 and GT-2) sequence motifs in this region were necessary for expression in these tissues, as they were in anaerobic expression. Expression in the root cap under aerobic conditions required all the G C and GT-rich motifs. The GT-1, GC-1, GC-2, and GC-3 motifs, and to a lesser extent the GT-2 motif, were also required for anaerobic responsiveness in rice roots. All elements except the GC-3 motif were needed for endosperm-specific expression. The GC-2 motif and perhaps the GT-1 motif appeared to be the only elements required for high-leve1 expression in the embryos of rice seeds. Promoter regions important for shoot-, embryo-, and pollen-specific expression were proximal to -99, and nucleotides required for shoot-specific expression occurred between positions -72 and -43. Pollen-specific expression required a sequence element outside the promoter region, between +54 and +106 of the untranslated leader, as well as a silencer element i n the promoter between -72 and -43.
INTRODUCTION
Little is known of the mechanisms regulating tissue-specific expression in plants. In maize plants, the alcohol dehydrogenase 1 (Adhl) gene is expressed in the roots in response to anaerobic stress (Sachs et al., 1980) , but it also has tissuespecific aerobic expression in scutellum, embryo, endosperm, root cap, and pollen cells (Freeling and Bennett, 1985) . The gene is expressed under haploid genotype control in the pollen. To understand the mechanisms regulating tissue-specific expression of Adhl, a necessary step isto define the promoter regions controlling expression and the frans-acting factors that interact with them. This has not been possible using transgenic maize plants because of the absence of a routine transformation system. However, rice is transformed readily (Shimamoto et al., 1989) and is asuitable system for adetailed analysis of maize Adhl gene expression in different tissues (Kyozuka et al., 1993; Terada et al., 1993) .
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rice leaves where it is induced weakly by anoxia (Xie and Wu, 1989) . In transgenic rice, the maize Adhl promoter drives Escherichia coli p-glucuronidase A (gusA) ( M A ) reporter gene expression in the roots, embryo, scutellum, endosperm, and pollen, similar to the pattern found in maize (Kyozuka et al., 1991) . Thus, all of the frans-acting factors required for developmental expression of Adhl appear to be present in rice and able to activate the maize promoter. More recently, Kyozuka and Shimamoto (1992) observed expression from the maize promoter in the leaves of transgenic rice, suggesting that fransacting factors in the nuclei of rice leaf cells also interact effectively with the maize Adhl promoter. Studies by Kyozuka et al. (1991) indicated that all the cis-acting elements required for appropriate expression of the maize Adhl gene in rice are present in the region from -1096 to +106. Anaerobic induction of the Adhl gene is regulated mainly at the leve1 of transcription (Gerlach et al., 1982; Rowland and Strommer, 1986) . Transient assays in maize suspension cell protoplasts revealed an anaerobic responsive element (ARE) between positions -140 and -99 (Walker et al., 1987; Olive et al., 1990 Olive et al., , 1991 . Two GC-and two GT-rich motifs within the ARE sequence were shown to be required for anaerobic induction in maize protoplasts (Olive et al., 1991) , but the function of the ARE has not been tested in transformed plants. Specific binding of maize nuclear protein(s) to nucleotide
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The Plant Cell sequences within the ARE has been demonstrated (Ferl, 1990 ; Olive et al., 1991) .
In this study, we identified cis-acting elements required for tissue-specific expression patterns of the maize Adbl gene in transgenic rice by examining the expression of a series of deleted and mutated promoters fused to the gusA reporter gene. Elements within the region -140 to +I06 control expression in the root cap, endosperm, embryo, scutellum, shoots, and pollen of transgenic rice plants. We also demonstrated that the ARE (-140 to -99) conferred anaerobic inducibility in the roots of transgenic rice plants. Nucleotide sequences required for endosperm-, embryo-, and root cap-specific expression under aerobic conditions were coincident with the ARE. In contrast, expression in the scutellum, shoots, and pollen required elements proximal to the ARE. We mapped a region essential for shoot-specific expression between the ARE and the TATA box, and a region required for expression in pollen is located in the untranslated leader sequence.
RESULTS

The Promoter Region between -140 and -99 Functions as an Anaerobic Responsive Element in Transgenic Rice
The ARE (-140 to -99) identified in transfected maize protoplasts (Walker et al., 1987; Olive et al., 1990 Olive et al., , 1991 has not been assayed in a transgenic plant system. Recently, Kyozuka et al. (1991) found that the 1.1-kb maize Adhl promoter (construct AlGN in Figure 1 ) does confer anaerobically responsive expression on the gusA gene in roots of transgenic rice plants.
We have now shown that a promoter truncated to -140 also confers anaerobic induction in the roots of RI seedlings.
Whereas the leve1 of induction observed varied (five-to 26-fold) in the transgenic lines tested, there was no significant difference between the full-length and truncated promoters. In all transformants, GUS expression was always observed in GT-1 All gene fusions contain the promoter plus leader region dista1 to +106 (hatched box) and the first intron (stippled box) from the maize Adhl gene placed upstream of the gusA gene and nopaline synthase transcription termination sequence. (1991) showed that the GC-1, GT-1, and GC-2 motifs and nucleotides -111 to -101, including the GT-2 motif (Figure l), were critical for ARE function in maize protoplasts. In transgenic rice plants, substitution mutations in the region between -134 and -112, replacing the GC-1, GT-1, GC-2, and GC-3 sequence motifs, eliminated anaerobically responsive gene expression (Figure 3 ). The mutation of the GT-2 motif (-110 Plants transformed with the gene constructs AlGN (A-8 and A-10). A14OAIGN (8140-1, A140-9, and A140-lO), and A99AIGN (A99-1, A99-10, A99-19, and A99-20) , respectively, were assayed for GUS-specific enzyme activity before and after anaerobic treatment. Roots from four to six seedlings were used for each assay. The fold-increase of GUS activitywas calculated as the ratio of the mean specific enzyme activity following anoxia relative to that under aerobic conditions.
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--lnduction +Induction Extracts from the roots of rice plants transformed with the gene constructs A140AIGN, A140mut.GC-1AIGN (mut.GC-1), Al40mut.~-lAIGN (mut.GT-1), Al40mut.GC-ZAIGN (mut.GC-2), Al4Omut.GC-3AIGN (mut.GC-3), Al4Omut.GT-PAIGN (mut.GT-2), and A99AIGN were assayed for GUS-specific enzyme activity in aerobic conditions (open bars), or following anaerobic stress (filled bars). Assays were performed as given in the legend to 
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The Plant Cell to -106) reduced the level of induction (Figure 3 ), whereas the mutation between -110 and -101 did abolish expression in the transient assay (Olive et al., 1991) . This suggests that nucleotides between -106 to -101 are important for anaerobically responsive expression.
Nucleotides Downstream of -140 Contain All Elements Required for Developmental Expression in Rice
The gusA reporter gene driven by the maize Adh1 promoter is expressed in transgenic rice plants in the shoot, root cap, pollen, embryo, scutellum, and endosperm (Kyozuka et al., 1991) . To identify the cis elements responsible for expression in these tissues, we performed 5' deletions of the promoter region. The gene constructs used are shown in Figure 1 .
The complete MM promoter (AIGN; Figures 4A, 4D, and 4G) and the Adh1 promoter truncated to -140 (A140AIGN; Figures 4B, 4E, and 4H) had identical patterns of expressionthe gene was active in the same tissues, namely the root cap, pollen, embryo, scutellum, and endosperm. All the c/s-acting elements necessary for expression in these tissues must be located downstream of -140. Figure 4C ) and the endosperm ( Figure 41 ). Compared to the A140AIGN gene, the A99AIGN gene was expressed at a low level in the embryo ( Figure 41 ). Thus, the region between -140 and -99, as well as controlling the anaerobic response, was required for expression in the embryo. In contrast, GUS activity was observed in pollen ( Figure 4F ) and the scutellum (Figure41) in 10 independent A99AIGN transgenic lines, indicating that pollen-specific and scutellumspecific elements are downstream of -99. They are not contained within the ARE sequence.
AIGN
To quantify the results of the histochemical analyses, we measured GUS activity fluorometrically in the embryo (including the scutellum) and endosperm of five independent A99AIGN plants and four independent A140AIGN plants ( Figure 5 ). Both truncated promoters conferred gusA gene expression in the embryo, but the expression level of the A99AIGN construct in the embryo was only 5 to 20% (508 pmol4-methylumbelliferone [4MU] produced per min per mg of protein) of the expression obtained with the Al40AIGN construct (Figures 5A and 58) . This suggested that embryo-specific expression of the maize Adhl gene requires nucleotides downstream of -99 in addition to those between -140 and -99, which comprise the ARE region.
In the endosperm, the Al40AIGN construct had a mean GUS activity of 775 pmol of 4MU per min per mg of protein ( Figure  5C ). GUS activity was not detectable in the endosperm of seeds from transgenic lines carrying the A99AIGN construct (Figure 5D ), supporting the conclusion that nucleotides downstream of -140 are critical for endosperm-specific expression.
To determine which sequence motifs within the ARE are required for expression in the root cap, embryo, and endosperm under aerobic conditions, we examined the activity of five mutated promoters. Each mutant promoter contained a 3-to 5-bp substitution within the GC-and GT-rich sequence motifs of the ARE (Figure 1 ). In the absence of anoxic stress, the gusA gene was expressed highly in the root cap, embryo, and endosperm of plants transformed with A140AIGN ( Figures 6A and 6B) , which was the control construct in these experiments.
None of the five mutant promoters expressed GUS in the root cap ( Figures 6D, 6F , 6H, 6J, and 6L). A low level of GUS activity was observed in the vascular and cortical tissues of roots carrying A140mut.GT-2AIGN, but no expression was observed in the root cap. This suggested that the GT-2 motif is also importam for root cap expression. Deletion to -99 also abolished root cap expression (construct A99AIGN; Figure 6N ). The mutation of each of the GC-1, GT-1, GC-2, and GT-2 sequence motifs reduced endosperm-specific gene expression to background levels, comparable to that obtained for A99AIGN ( Figures 6C, 6E , 6G, 6K, and 6M). In contrast, GUS activity Each point represents a single enzyme measurement obtained using seven to 10 seeds from each transgenic line and is indicated on the x-axis. GUS activity, shown as picomoles of 4MU produced per minute per milligram of protein, is represented on the abscissa. The arrows indicate mean GUS activity obtained for each independent transgenic line. (A) and (C) Expression in the embryo (A) and endosperm (C) was detected in the endosperm of seeds carrying mutations in the GC-3 motif (Figure 61 ). Expression in the embryo depended upon the presence of an intact GC-2 motif ( Figure 6G ) and perhaps also the GT-1 motif ( Figure 6E ). Significant expression was observed in the embryo even when the GC-1, GC-3, or GT-2 motifs were mulated ( Figures 6C, 61 , and 6K, respectively), showing that these sequences are dispensable for embryo-specific expression.
In summary, these experiments showed that expression of the Adhl gene in the root cap, embryo, and endosperm requires the GT-1 and GC-2 sequence motifs and that expression A in the endosperm also requires the GC-1 and GT-2 elements. Root cap expression requires all the motifs, including GC-3.
Nucleotides -72 to -43 of the Maize Adh1 Gene Direct Shoot-Specific Expression in Transgenic Rice Plants
In maize, neither MM mRNA nor protein is detected in shoots and leaves. However, in rice, both the endogenous MM mRNA and ADH1 enzyme are present in aerobically grown shoots (Freeling and Bennett, 1985; Xie and Wu, 1989; Christie et al., 1991) ; this gene is induced weakly by anaerobic stress (Xie and Wu, 1989) . Because the maize MM promoter is active in the shoots of rice plants (Kyozuka and Shimamoto, 1992) , we were able to use truncated promoters to identify the critical promoter region. In the shoot of transgenic rice, GUS activity was localized in the epidermis ( Figure 7A ) and the vascular cells ( Figure 7B ). Both constructs A140AIGN and A99AIGN showed a similar level of GUS activity in rice seedling shoots of ~0.3 to 6.5 nmol of 4MU per min per mg of protein (Figure 8) . We concluded that all the cis elements required for shoot expression are downstream of -99.
Shoot expression was reduced by ~95°/o to ~150 pmol of 4MU per min per mg of protein when nucleotides between -72 and -43 were deleted (Figure 8 ). These data indicated a strong shoot-specific element in the region between or overlapping -72 to -43. Lu and Ferl (1992) showed that oligonucleotides containing this sequence repress maize MM promoter activity in cotransfected maize protoplasts, supporting a role for this region in positive regulation of the maize gene. Figure 9B ), supporting the conclusion that a pollen-specific element is downstream of -99.
A Region of the Untranslated Leader of Adh1 Is Required for Expression in the Pollen of Transgenic Rice Plants
We then examined the activity of the gene constructs A72AIGN, A43AIGN, and A43SLAIGN (Figure 1 ). Both A72AIGN and A99AIGN gene constructs were expressed at comparable levels, -2.5 nmol of 4MU per min per mg of protein ( Figure 10 ). Expression increased significantly (P = 0.001) when the Adhl promoter was truncated to position -43 (10 nmol of 4MU per min per mg of protein; construct A43AIGN, Figure lO) , suggesting a pollen-specific silencer in the region between -72 and -43. This element may be involved in repression of Adhl gene expression prior to meiosis when there is no detectable ADH enzyme activity (Stinson and Mascarenhas, 1985) . It is unclear whether the pollen-specific silencer overlaps or is identical to the shoot-specific element also identified in this region of the Adhl promoter (Figure 8) .
In contrast, substitution of 52 nucleotides within the leader region, from +54 to +106 with pUCll8 DNA, reduced pollenspecific expression significantly (P = 0.001) by one to two orders of magnitude below that of A43AIGN to less than 200 pmol of 4MU per min per mg of protein (Figure 10 ; compare A43AIGN and A43SLAIGN). These data were confirmed by staining of pollen for GUS enzyme activity. We concluded that a part of the leader sequence between +54 and +106 is responsible for high levels of expression of this gene in pollen.
This finding is consistent with data obtained by KloeckenerGruissem et al. (1992) , who showed that maize lines containing a Murafor (Mu3) transposon-induced mutation upstream of the TATA box in the Adhl promoter have normal levels of ADH in the pollen but do not synthesize ADH in the sporophytic organs, roots, and scutellum. The reduction in ADH activity in the roots may be a result of increased distance of the ARE from the TATA box following Mu3 insertion. In a later study, Dawe et al. (1993) showed that ADHl activity in maize pollen is altered by the excision of a Dissociation (Dsl ) transposable element from +53, suggesting that nucleotides around +53 in the leader sequence are important for pollen-specific expression.
Scutellum Expression Requires a Region Downstream of -43
When the Adhl promoter was truncated to -99, GUS activity was observed in the scutellum of a number of transgenic rice Figure 41 ), but we are unable to make firm conclusions on the basis of the present data. The three chimeric gene constructs A72AIGN, A43AIGN, and A43SLAIGN ( Figure 1 ) were also expressed in the scutellum of transgenic plants (Figure 11 ). Because none of the promoter mutations abolished expression in this tissue, we cannot map precisely the regions essential for scutellumspecific expression of the maize Mh1 gene. Because the Adh1 sequence contained in these constructs was relatively short and the only unmutated region was the 100-bp sequence between -43 and +54 (or in the intron 1 sequence included in these gene constructs; Figure 1 ), this region may contain the elements for scutellum-specific expression.
DISCUSSION
We have identified a number of els elements in the maize Adh1 promoter between -140 and +106 that control expression under aerobic conditions and in response to anoxia. These results are summarized in Figure 12 . Various combinations of these sequence elements interact with their binding proteins to regulate expression both in various tissues in the plant and in response to the metabolic demands of anaerobic stress, this response being primarily in the cells of the root.
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Embryo-box The MM promoter is shown (black line) with the TATA box indicated (open box) and numbering relative to the start of transcription. Above, the positions of the GC-1, GT-1, GC-2, GC-3, and GT-2 motifs within the region between -140 and -99 of the MM promoter are indicated. Sequence motifs that are important for anaerobic responsiveness (ARE), root-cap expression, endosperm-, and embryo-specific expression are indicated by filled, stippled, hatched, and gridded boxes, respectively. Below, the extent of regions important for activity of the maize Adh1 promoter in rice embryos, shoots, scutella, and pollen are also indicated.
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The ARE sequence, previously determined in maize transient assays to lie between -140 and -99, also functions in rice plants to give anaerobic expression. Sequences within the ARE are also important for expression in the root cap, endosperm, and embryo under aerobic conditions. The GC-3 element within the ARE is required for expression only in the root. Because expression in the "aerobic" root cap and the anoxic root requires all of the same cís-acting elements within the ARE, we suggest that expression in root cap may actually be an anaerobic response rather than a true example of developmental expression. Measurements of oxygen concentration within roots using an oxygen electrode show that the lowest concentration can occur in the root cap (Armstrong et al., 1993) , and so it is likely that under normal aerobic conditions, the root cap is hypoxic. As the oxygen concentration drops, other root cells become hypoxic and the Adhl gene is activated .
Expression in other tissues requires different combinations of the various sequence motifs within the ARE. The GT-1 and GC-2 motifs are critical for expression in endosperm and embryo, as well as being required for the anaerobic response in the root. In some tissues, one or more of the motifs seems to be dispensable. For example, GC-1, GC-3, and GT-2 are not needed for embryo expression, and GC-3 is not needed for endosperm expression. Possibly, different proteins bind to the ARE motifs in different tissues. If the proteins binding to the ARE motifs in embryo and endosperm cells are the same as in anaerobic roots, in the future, we may be able to understand why the GT-1 and GC-2 motifs are sufficient for embryo cell expression but not for expression in other tissues. One possible explanation is that additional tissue-specific post-translational modifications of binding proteins, such as phosphorylation, or protein-protein interactions are involved. Alternately, there may be additional promoter elements downstream of -99 required for expression in the embryo and endosperm that bind tissue-specific factors. Gain-of-function experiments may show whether the motifs contained within the ARE are sufficient for tissue-specific expression of Adhl.
Sequence elements between the ARE and the TATA box are important for shoot-specific expression and for pollen silencing. Nucleotides -79 to -44 of the maize Adhl promoter comprise a tract of extreme homopurine/homopydmidine asymmetry that is S1 hypersensitive (Ferl et al., 1987) . The nucleotide sequence CCCTCC(Alr)CCCY(G/C)TC(G/C)TTTC from -79 to -61 of the maize Adhl promoter (Dennis et al., 1984) isconserved in the same region of the rice Adhl gene (A. Liu, personal communication) and may represent a shoot-specific element. In contrast, the rice AdhP gene, which is expressed primarily in roots, does not contain this consensus sequence, although it does have a tract of homopurinelhomopyrimidine asymmetry in this region. Specific mutation experiments should show if precisely the same element is required for shoot expression and pollen silencing.
Elements downstream of the TATA box and located in the transcribed leader are necessary for pollen expression. A factor binding to these elements may still interact with TATA box binding protein, but our data show that it does not require any interaction with promoter elements upstream of -43. A pollen box (PB) core motif (TGTGGTT) is present in the promoters of the tomato genes Lat52, Lat56, and Lat59, and functional assays have shown that the GG doublet in the PB core is critical for expression in pollen (Twell et al., 1991) . The Adhl untranslated leader sequence contains a related sequence motif AGTGGAT between +63 and +69 that may be functionally equivalent to the PB motif. The rice Adhl gene, which is expressed in pollen (A. Liu, personal communication; Xie and Wu, 1989) , also contains the sequence GGTGGTT in the leader region. In addition, the sequence T(T/G)YGGGATTYYG (GAT box), immediately downstream of the putative PB core and -94 to 113 bp downstream of the TATA boxes, is present in the leader sequences of the maize Adhl (Dennis et al., 1984) , rice Adhl (A. Liu, personal communication) , and pearl millet Adhl (Gaut and Clegg, 1991) genes. This 12-mer sequence is not present in the 5' untranslated leader of the maize AdhP (Dennis et al., 1985) or the rice AdhP (Xie and Wu, 1990) genes, which are not expressed in pollen. This sequence may prove to be critical for pollen-specific Adhl gene expression in monocot plants.
The identification of a distinct silencer and a positive regulatory element involved in pollen-specific expression of Adhl is significant in view of the timing of ADHl enzyme accumulation during male gametogenesis and suggests that two distinct molecular switches may regulate this key biological clock. Prior to meiosis, repressor protein(s) may bind to the negative regulatory element between -72 and -43 to prevent Adhl gene expression. In haploid pollen, the leve1 of this repressor may be reduced, derepressing the Adhl gene and permitting expression regulated by an element in the untranslated leader region. The conservation of pollen-specific elements, in particular the GAT box, in the untranslated leader region of Adhl genes expressed in pollen poses interesting questions on how this positive regulation occurs. The GAT box may be the binding site for a transcription factor.
On the other hand, this element may be necessary for posttranscriptional regulation. For example, the GAT box sequence may increase mRNA stability or effect the association of Adhl mRNA with polyribosomes. There is some evidence for posttranscriptional control of maize Adhl in the male gametophyte (Kloeckener-Gruissem et al., 1992) . In the revertant Adhl3f7724r77, excision of the Mu3 transposable element caused an 18-bp deletion in the TATA box region. The revertant contains normal levels of Adhl mRNA in the pollen but reduced ADHl enzyme activity in these cells when compared to its parent plant.
Our study reveals many similarities between maize and rice in promoter elements and suggests there is considerable conservation of the mechanisms regulating anaerobic induction and tissue-specific expression. Comparisons of the promoters and leaders of severa1 monocotAdh7 genes (e.g., pearl millet, rice, and wheat) suggest that these findings may also hold true for the genes of other monocots. Although more can be done to define the specific cis-acting sequences involved in expression in the shoot, scutellum, and pollen and in isolating specific transcription factors, regulatory mutants will reveal details of the intricate signal transduction pathways.
METHODS
Plasmid Construction
All plasmids were constructed using standard recombinant DNA techniques and were verified by nucleotide sequence analysis. All clones described in this study are based on the plasmid plGN, which contains the maize alcohol dehydrogenase 1 (Adhl) first intron sequence cloned upstream of the Escherichia colia-glucuronidase A (gusA) (uidA) gene and the nopaline synthase transcription termination sequence.
The construction of plasmids pAlGN (Kyozuka et al., 1991) , plGN, pAARE AIGN, and PARE AlGN (Olive et al., 1990) have been reported elsewhere. For convenience and to be consistent with the naming of other clones in our promoter deletion series, we have called the plasmids pAARE AlGN and PARE AIGN, referred to by Olive et al. (1990) , pA99AlGN and pAl4OAIGN, respectively. The plasmids pA72AIGN and pA43AIGN were constructed by subcloning the Adhl promoters from -72 to +106 and from -43 to +106 by 5'deletion and the addition of Sal1 linkers, respectively, into the polylinker of pIGN. Plasmids pA72AIGN and pA43AIGN have Adhl promoter 5'termini at positions -72 and -43, respectively, and 3' termini at position +106. To construct pA43SLAIGN, the Adhl promoter from position -43 to -53 was first subcloned as a Pstl-Ddel fragment from pA43AIGN into pUC118 digested with Pstl and Hincll. A45-bp Alul spacer fragment of pUC18 DNA was then introduced into an end-filled Xbal site downstream of the Adhl fragment to produce pA43SL. Finally, the truncated Adhl promoter plus pUC18 spacer DNA were subcloned as a Sall-BamHI fragment from pA43SL into plGN. Plasmids containing substitution mutations within the region -140 to -99 of the Adhl promoter were constructed by cloning annealed complementary oligonucleotides directly into the Pstl site upstream of the truncated Adhl promoter in pA99AlGN.
was included in the X-glucsolution and the reaction mixture to reduce the endogenous activity (Kosugi et al., 1990) .
For histochemical staining, all the plant material was incubated in an X-gluc solution for 18 to 24 hr at V C . After staining, the shoot sections were incubated in 70% ethanol to remove chlorophyll. The terminal regions of roots were examined on whole roots because of the importance of maintaining the integrity of the root caps.
GUS enzyme activity was measured fluorometrically for extracts of root tips ~3 mm long that were excised from a single seedling. Shoot sections ~2 mm long obtained from the base of a seedling were used to determine GUS activity in shoots. To measure the enzyme activity in the embryo and endosperm separately, embryos were excised from the seeds with fine forceps. A disc of endosperm tissue ~1 mm long was prepared from the remaining seed.
Anaerobic lteatment
Anaerobic treatment was performed as described previously by Kyozuka et al. (1991) . Five-to 6-day-old seedlings were submerged in sterilized water in the dark for 24 hr at 30%. N2 was bubbled into water continuously for 15 min before the anaerobic treatment. After the treatment, GUS activity in roots of each seedling was measured. The fold-increase in GUS activity was calculated as the ratio of the mean specific enzyme activity following anoxia relative to that under aerobic conditions.
